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Chrysanthemum flowers have been used for the treatment of inflammation, fever alleviation and 
detoxification. It is used for food which displayed a healthy function for disease prevention and health 
promotion actively. Phytochemicals in vegetables and fruits have been reported to exhibit various 
significant pharmacological effect. Systematic reviews to show clear causal relationships between the 
active ingredient constitution and the pharmacological effect for variety of fresh food are critical. 
Meanwhile, psychiatric disorders have rapidly increased and become a major social problem, but 
many of pathogenic mechanisms are unknown. The degeneration and injury of neurons due to 
oxidative stress and chronic inflammation, and they are thought to be an essential common cause of 
neurological disorders from dementia to depression. The protection from oxidative stress, restoration 
of neural plasticity, control of neuroinflammatory response of microglial cells are being studied as 
new therapeutic targets. In this study, chemical profile analysis (chapter 3), neurotrophic-like effects 
(chapter 4), neuroprotective effects (chapter 5) and anti-inflammatory effects (chapter 6) of two 
typical Chrysanthemum cultivar flowers were compared to examine the correlation between chemical 
profile and bioactivity. 
We investigated the phenolic compounds contents of the extracts from Aboukyu and Enmeiraku 
flower, which are well known Chrysanthemum spp. cultivars in Japan (chapter 3). About 80% of 
soluble extracts ingredient was in methanol fraction. The level of hexane extract of Aboukyu was 
higher than those of Enmeiraku (5.53 % vs. 1.78 %). Aboukyu contained more phenolic compounds 
compared to Enmeiraku. Contents of luteolin and apigenin were assayed by quantitative HPLC. 
Enmeiraku contained more luteolin and less apigenin compared to Aboukyu. Two cultivar petal 
extracts were subjected to HPLC-DAD to characterize the phenolic components. The compounds 
corresponding to twelve specific peaks are common components of Aboukyu and Enmeiraku flowers, 
and six peaks were estimated as luteolin, apigenin, and their glycosides. The phenolic compounds 
differed greatly between two cultivars in terms of the content and composition of luteolin, apigenin 
and their glycosides. GC-MS analysis also showed that the composition of triterpenoids also differed 
between two cultivars.  
Neurotrophic factors such as BDNF play an important role in regulating differentiation, survival 
and functional maintenance of neurons, and the microtubule-dependent extension. Reorganization of 
lost neuronal networks in the injured brain is necessary for restoration of normal physiological 
functions. Because of these properties, neurogenesis substances are anticipated as promising 
therapeutic tools for neuronal injuries. In chapter 4, we evaluated the neurogenesis capacity of the 
petal extracts of two cultivars. Individually, Aboukyu and Enmeiraku extracts only slightly induced 
neurite outgrowth (Aboukyu; 25.3 ± 2.5%, Enmeiraku; 26.3 ± 4.0%). However, in combination with 
NGF, the extracts acted synergistically to induce full neurite outgrowth in PC12 cells (Aboukyu; 69.0 
± 6.2%). These result suggests the role of chrysanthemum extract in enhancing the neurite outgrowth 
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activity of NGF. The MAPK family include ERK and p38MAPK, is known to be involved in various 
cellular events such as survival/death, differentiation and migration. To evaluate the signal 
transmission pathway for neurite outgrowth during chrysanthemum extract stimulation, we 
compared the effects of two cultivar extracts on phosphorylated ERK and p38MAPK levels in PC12 
cells by immunoblot analysis. The ratio of pERK was higher in the cells treated with Aboukyu extract 
compared to Enmeiraku. However, there were no significant differences in neurite outgrowth activity 
between cells treated with two extracts. Phosphorylation of ERK, as an upstream signal, is necessary 
for neurite outgrowth, however, there was no correlation between strength of ERK activity and the 
length of neurite outgrowth. 
Nerve cells are extremely sensitive to oxidative stress. The injury of glial cells and neurons due to 
toxicity of free radicals, leading to disorders. The polyphenolics have positive effects on the treatment 
and prevention of a wide range of oxidative stress injuries. In chapter 5, we compared the bioactive 
characteristics of two cultivar extracts by analyzing the composition of phenolic components and 
assessing the neuroprotective. Extracts of Enmeiraku protected neuroblastoma SH-SY5Y cell 
viability against oxidative stress-induced injury in a concentration-dependent manner. By contrast, 
the neuroprotective effect of Aboukyu extracts was biphasic and was weakened at concentrations > 25 
μg/mL. The differences in the neuroprotective effects of Aboukyu and Enmeiraku extracts might be 
attributable to the anti-apoptotic capacity of their phenolic compounds as well as compositional 
differences. The levels of flavonoids such as apigenin that easily induce apoptosis were higher in 
Aboukyu extract than Enmeiraku extract. Thus, the characteristics of the neuroprotective capacity of 
chrysanthemum cultivars differed markedly according to the flavonoid composition. The Nrf2-ARE 
system, a body’s antioxidant system, induces expression of antioxidant enzymes in response to 
reactive oxygen species. Certain phenolic compounds activate the Nrf2-ARE pathway, and activate 
these defense mechanisms in advance and put the cells in an alert state. Treatment of neuronal cells 
with chrysanthemum flower extract prior to oxidative stress alleviate the oxidative damage to 
neuronal cells. In addition, the expression levels of Nrf2 and the antioxidant enzyme HO-1 were 
increased in neuronal cells treated with chrysanthemum flower extract. These effects were higher 
with extract of Enmeiraku characterized by a high content of luteolin. These data suggest that 
chrysanthemum flower extract may enhance the ability of body’s defense mechanisms through 
activation of Nrf2-ARE system, and may help reduce oxidative stress to neurons. 
Although pathogenic mechanisms remain unknown for the majority of neurodegenerative diseases, 
activation of microglia and persistence of chronic inflammation are generally thought to be common 
triggers of the pathogenesis of neurodegenerative diseases. In chapter 6, the suppressing effect of 
chrysanthemum flower extract on neuroinflammation was examined. Extracts of solvent fraction 
from chrysanthemum flowers were assayed for inhibition of NO production by LPS-stimulated 
macrophages, and the hexane extract fraction showed the most potent inhibitory effect. Triterpenoids 
and fatty acid esters thereof in the hexane extract fraction were suggested to have a strong inhibitory 
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activity. The effects of the Enmeiraku hexane extract demonstrated on glial cells, which play a central 
role in immune regulation in the brain, were markedly decreased production levels of NO and TNF-α. 
These compounds are known to cross the blood-brain barrier and reach the inside of brain, and 
suggested to suppress glial cell activation and exert the anti-inflammatory effect.  
Although chrysanthemum flowers have been shown to have excellent pharmacological effects such 
as anti-inflammation and detoxification, the present study showed that chrysanthemum flower 
extract exerted the protective effect against oxidative damage and the anti-inflammatory effect in 
neurons and glial cells. This study also showed that its action characteristics varied greatly 
depending on cultivar, and it was shown that it depends on the species and composition ratio of 














口として詳細に検討を行ったものである。論文は全 7 章から構成されている。 
第 1 章は、緒論であり本論文の背景と目的について述べている。 
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第 6 章では東京、北京、上海の 23 区における住民の交通機関分担率のデータをもとに主成分分析
を行い、データ標準化、固有値、固有ベクトル、主成分得点を用いて 2 つの主成分を求めた。主成分








With the social and economic development, urban functions are gradually improving, living 
standards are gradually increasing, and residents' trip modes have also been greatly changed. 
Residents' trip has started to shift from non-motorized trip to motorized trip and the proportion of 
private motorized trip is getting higher and higher, but this has led to a lot of traffic problems, such as 
environmental pollution, traffic congestion and low trip efficiency, especially in the developing cities, 
as the speed of traffic infrastructure construction increases, it does not solve the traffic problem very 
well, instead, the more traffic infrastructure the more traffic problems  occur. In Tokyo, there are the 
similar traffic problems since the 1850s, with serious air pollution and traffic congestion. However, 
Tokyo has successfully solved these problems with many years of construction and development. Now, 
Tokyo has a well-developed public transport network, especially the railway transport network, 
extends in all directions. The structure of residents' trip modes has been greatly improved and 
optimized. In the dissertation, summarizing and combing the successful experience of Tokyo 
transportation development and optimizing the structure of residents' trip modes, comparing with 
Tokyo, combing the problems of urban traffic and the structure of residents' trip modes with that of 
Tokyo, it can provide reference for the traffic planning, improvement of the developing cities and the 
adjustment of residents' trip modes, etc. 
Based on the “5th Tokyo metropolitan area personal trip survey”, this paper used the Ward 
hierarchical clustering algorithm in cluster analysis to cluster 23 wards of Tokyo and the principal 
component analysis was used to analyze and compare the principal component of modal choices data 
in 23 wards of Tokyo, Beijing and Shanghai.  
1. Analyzed the research background, proposed the research purpose, the research content and 
research flow. 
2. The literature is reviewed and summarized, including: the development of traffic pattern 
structure and modal choices influencing factors (individual and group factors), development and 
application of cluster analysis and principal component analysis. Putsforward own conclusions, the 
research mainly concentrates on the influence of macroscopic factor and microcosmic factor on 
residents' trip, and then found the research of comparative analysis between international cities is 
lesser. The main gap of urban traffic development can be sorted out by comparison and analysis 
(cluster analysis and principal component analysis), and the experience and reference of urban 
transportation are provided. 
3. The development history of Tokyo, Beijing and Shanghai, especially the rail transit, the main 
traffic policy history and road network structure are sorted out, and found that the development of 
Tokyo rail transit and urban development, population distribution has a close relationship, urban 
spatial expansion and population distribution are with the expansion of rail transit and distribution, 
and Beijing and Shanghai appeared different situations, the development of rail transit after the 
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urban development is a certain extent, there are many difficulties and problems need to face. 
4. Based on the distribution of population and population density in the three Circles of Tokyo 
special wards during the day and night, analyzed the law of population flow, the generation and 
regularity of commuting flow and school-based flow and the orientation trend in each Circle, 
summarized the development experience of efficient transport in Tokyo. Through the analysis of the 
trip distribution in Tokyo 23 wards, it is found that urban sub-centers have good traffic attraction and 
population redistribution functions, the traffic distribution can be effectively carried out through the 
construction of urban sub-centers so as to relieve traffic pressure in the urban center and balance 
urban traffic pressure. 
5. By comparing the composition of urban road network, road network density and urban road 
network area ratio, analyzed the construction and development of traffic infrastructure in 
comparative cities and focuses on the formation of rail transit network and the layout of urban traffic 
routes, found the differences and gaps between comparative cities in urban transport development, 
proposed some advices and measures for the developing cities in development of future traffic 
development.  
Statistics and analysis of the residents' trip purpose and modal choices in 23 wards in Tokyo show 
that the residents' main trip modal choices in 23 wards tend to rail transit and walking, but the 
proportion of non-public transport (private cars, etc.) is relatively high in comparative cities and with 
the increase year by year.  
Collating and analyzing air pollution caused by air pollutants from various modes of trip and laws 
and policies governing air pollution in Tokyo can provide a good direction and successful experience 
for structural adjustment and air pollution control of residents in developing cities. 
The air pollution caused by traffic pollutant emission, laws and measures to govern air pollution in 
Tokyo are summarized and analyzed, proposed experience and measures of air pollution control 
caused by traffic in Tokyo, that can provide a good development direction and successful experience 
for the urban residents to adjust their traffic patterns, prevent air pollution and then improve the air 
quality.  
6. Principal component analysis was used to analyze the principal components based on the data of 
residents' trip mode share in 23 wards of Tokyo, Beijing and Shanghai and 2 principal components 
were obtained through the data standardization, eigenvalues, eigenvectors and principal components. 
Principal component 1 is public transportation and walking, Principal component 2 is motor vehicles 
and other trip modes, and through the scatter plot matrix, the distribution of the main component 
score and other means, the 23 wards of Tokyo, Beijing and Shanghai residents' trip modes structure 
were compared, analyzed and concluded that residents trips in Tokyo are mainly rely on public 
transport, and that Beijing and Shanghai are gradually formed the trend that residents' trip mode 
transform from public transportation to motor vehicle. And the relationship of various trip modes in 
Tokyo can provide references to the other cities in the future.  
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Finally, the advice and suggestions are put forward for the transportation planning, construction 
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最終試験を 2 月 16 日、本専攻の A201 において実施した。 
論文は英文で記述され、発表および質疑も英語により行われ、当該学生が十分な英語能力を有する
ことを確認した。また、本研究においては、各種の統計および調査データの分析を行うとともに、統
計的分析手法としてクラスター分析および主成分分析を適用しており、十分な分析能力を有すること
が確認できた。以上、審査の結果、本論文の著者は博士(工学)の学位を授与される十分な資格を有す
るものと認め，最終試験を「合格」とした。 



